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[57] ABSTRACT

Disclosed herein is a light source unit for emitting multiple
beams, which can be reduced in size. The light source unit
(10) is formed by a base block (8) and ten stays (3). Ten
locating pins (6) are provided on each side of the base block
(5) at a second space (d) in a direction Y' and a third space
(D) in a direction X', Eight holes (7) are provided in each stay
(3) at a first space (D), while holes (8) for locating pins (6)
are provided on both ends thereof. A semiconductor laser 1s
arranged in each hole (7). Each of the locating pins (6) is
inserted into one individual one of the pin holes (8) and the
ten stays (3) are then fixed to the base block (3) by through
bolts (17). Thus, eight times ten semiconductor lasers are
arranged on a two-dimensional plane of X'-Y' coordinates.

23 Claims, 11 Drawing Sheets
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FIG. TA

~S1

FABRICATE/PREPARE BASE BLOCK 5

i FROM 10 LOCATING PINS 6 AND {0
TAPS 138 ON EACH SIDE

PREPARE 1Q STAYS (BLOCKS) 3 HAVING PROJECTING| :
PORTIONS 3A :

sg1~"  ~S22

FROM PIN HOLES 8 (DISTANCE: L1) AND BOLT HOLES 16
(DISTANCE: L2) ON BOTH SIDE PORTIONS 3B OF STAY 3

§ -S25 523
' [PREPARE NEXT | [FROM EIGHT HOLES 7 IN PROJECTING PORTIONS 3A AT BQUAL|
| sTAY 3 ||SPACE D (IN FIG. 5, CENTER OF LEFTMOST HOLE 7a IS IN| :
5 A POSITION SEPARATED FROM LEFT END BY DISTANCE L5) |
5 ~~S24 |
, ALL 10 STAYS 3 COMPLETED? ;
,_f.llif.ﬁiiiﬁf.f.'llf.ﬁif.ﬁﬁlﬁi'..Z'_.Zﬁ_f.lf.f_'f_i'_'.f_f_l'_'.'.'; YES ._..2S3...
: ~S31 .
Y ARRANGE LASER DIODE 9 AND COLLIMATOR LENS 2 IN| !
BN EACH OF EIGHT HOLES 7 OF EACH STAY 3 ;
| PREPARE NEXT ,~S32
: STAY 3 | [MOUNT APERTURE 4 ON FRONT SURFACE OF PROJECTING] :

PORTION 3A OF EACH STAY 3
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FIG. 7B

5 ' S 41

LOCATE ARBITRARILY SELECTED SINGLE STAY 3 BY INSERTING| |
! LOCATING PINS 6 IN PINIOLES 8 PROVIDED ON BOTH SIDES | |

S44 S 42

PREPARE NEXT || FIX BOLTS {7 TO TAPS 18 THROUGH BOLT HOLES 16 FOR | :
STAY 3 || COMPLETELY MOINTING SINGLE STAY 3

//*534153 é

NO ALL 10 STAYS 3 COMPLETELY MOUNTED?
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MULTIPLE BEAM SCANNING APPARATUS,
LIGHT SOURCE UNIT, AND METHOD OF
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the structure of a light
source unit which is employed in a multiple beam scanning
recorder.

2. Description of the Background Art

In an image scanning recorder such as a color scanner,
multiple beams which are modulated by recording signals
are scanned simultaneously on a recording medium in order
to improve a recording speed. At this time, the multiple
beams are implemented by arranging a plurality of light
emitting devices such as laser diodes or light emitting diodes
along a constant direction.

FIGS. 12(a) and 12(b) illustrate arrangements of such
light emitting devices. Referring to FIG. 12, an arrangement
of beams b, to b shown at (a) is attained when five light

emitting devices are arranged in a subscanning direction Y

at regular intervals A. This arrangement is simple and
widely applied in the art.

On the other hand, an arrangement shown at (b) in FIG.
12 is attained by improving the arrangement (a), in order to
further reduce the beam-to-beam intervals. Namely, five
light emitting devices (five beams b, to bs) are arranged at
regular intervals A' (< A) in a direction inclined by an angle
0 with respect to a main scanning direction X.

U.S. Pat. No. 4,253,102 discloses a beam arrangement
which is similar to the arrangement (b). According to this
technique, respective light emitting devices are arranged on
a straight line, which is inclined by an angle 6 with respect
~ to a subscanning direction, at regular intervals. This tech-
nique is aimed at arranging beams so that no clearances are
defined between the respective beam spots .when the beams

are scanned in the main scanning direction. In this tech-
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nique, therefore, it is necessary to arrange the light emitting

devices so that adjacent ones of the light emitting devices or
the beams are necessarily in contact with each other, as well
as to expose a photosensitive film while finally maintaining
the state of the beam arrangement which is inclined by the
angle 0 with respect to the subscanning direction. Due to
such characteristics, this technique attains its specific object.

The aforementioned technique can be regarded as useful
when the number of the beams is relatively small. When the
number of the beams is increased to more than ten due to
requirement for further improvement of the recording speed,
however, a light source part is increased in dimension in
proportion to the number of beams in the beam arrangement
according to this technique, leading to such a problem that
this part cannot practically serve as a light source for a
scanning recorder. In a general scanning recorder, beam-to-
beam intervals between multiple beams which are emitted
from a light source part are reduced to prescribed values
through a reduction optical system so that the reduced beams
are scanned on an exposed film. Therefore, the light source
part is naturally limited in size in response to the size of an
employable reduction optical system (lenses).

Thus, awaited is implementation of a light source part (or
a light source unit) which is also applicable to a multi-
channel type scanning recorder employing 80 beams, for
example. |

SUMMARY OF THE INVENTION

The present invention has been proposed in order to
satisfy the aforementioned requirement, and an object
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thereof is to implement a light source unit being applied to
a multiple beam scanning recorder, which can be reduced in
size even if the number of beams is increased. The present
invention provides a light source unit which has excellent
flexibility with a simple structure. The present invention
simplifies greatly assembling of the light source unit with
high accuracy and high precision.

According to the present invention, a multiple beam
scanning apparatus comprises (a) a recording medium, (b)
means for generating m by n (m, n: integers of at least 2)
recording information signals, (c) means for emitting m by
n optical beams which are independently modulated in
response to the recording information signals respectively.
The m by n optical beams are so arranged in a plane being
perpendicular to the travelling direction thereof that m
optical beam groups, each including n optical beams which
are arranged in a second direction being perpendicular to a

first direction at intervals of a first space, are arranged at

regular intervals in the first direction and shifted at intervals
of a second space with respect to the second direction. The
first space corresponds to m times the second space. The
multiple beam scanning apparatus further comprises (d)
means for reducing a beam-to-beam pitch of the aforemen-
tioned m by n optical beams which are received from the
means (c) and focusing the reduced m by n optical beams on
the recording medium. The beam-to-beam pitch corresponds
to a center to center distance between adjacent ones of the
m by n optical beams. The multiple beam scanning appa-
ratus further comprises () means for scanning the m by n
optical beams, which are imaged on the recording medium,
in the first direction.

The present invention is also directed to a light source unit
which is employed for recording information on the basis of
optical beams being modulated in response to recording
information signals. According to the present invention, the
light source unit comprises (a) a base, and (b) m (m: integer
of at least 2) line units each having n (n: integer of at least
2) light emitting devices which are arranged in a first
direction at intervals of a first space. The first direction 1s
parallel to the longitudinal direction of the line units and the
m line units are arranged in parallel on the base at intervals
of a third space in a second direction, which 1s perpendicular
to the first direction, to be successively shifted by intervals
of a second space in the first direction, while the first space
is decided as a function of the second space.

The present invention is further directed to a method of
manufacturing a light source unit which is employed for
recording information on the basis of optical beams being

- modulated in response to recording information signals.

According to the present invention, the method comprnses
(a) a step of preparing m line units each including a first
portion, a second portion, and a third portion, which is held
between the first and second portions. The first and second
portions have first and second mounting portions respec-
tively. The method further includes (b) a step of mountingn
light emitting devices on the third portion along a first
direction at intervals of a first space in an aligned manner
successively from a reference position. The method further
includes (c) a step of preparing a base having first and
second end portions each having m (m: integer of at least 2)
first and second support portions which are successively
arranged at intervals of a second space in the first direction
and a third space in a second direction, being perpendicular
to the first direction. The second space corresponds to a
value obtained by dividing the first space by m and the third
space is selected as a function of the second space. The
method further includes (d) a step of engaging the first and
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second mounting portions of each line unit with correspond-
ing ones of the first and second support portions, thereby
fixing each of the line units to the base.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing a basic structure of a light
source unit according to the present invention;

FIG. 2 is a diagram showing a beam arrangement in
exposure;

FIG. 3 is a perspective view showing a light source unit
according to an embodiment of the present invention;

FIG. 4 is a sectional view showing an arrangement of a
semiconductor laser in a stay which is employed for the light
source unit;

FIG. 5 is a front elevational view showing the structure of
the stay;

FIG. 6 1s a front elevational view showing a base block
which is applied to the light source unit;

FIGS. 7A and 7B are flow charts showing a procedure of
assembling the light source unit;

FIG. 8 1s a front elevational view showing an assembled
state of the light source unit;

FIG. 9 1s a plan view schematically showing the structure
of an exposure head in which the light source unit is
assembled;

FIG. 10 1s a schematic diagram showing the relation
between a drum and the exposure head;

FIG. 11 is a block diagram schematically showing an

electric system for driving respective semiconductor lasers -

in the light source unit; and

FIGS. 12(q) and 12(b) illustrate conventional beam
arrangements in a conventional light source unit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A. Basic Structure of Light Source Unit (Arrangement of
Light Emitting Devices)

FIG. 1 is a diagram showing a basic structure of a light
source unit in a multiple beam scanning recorder according
to the present invention, This figure shows positions of an
arrangement of m by n beams which are emitted from m by
n light emitting devices, such as semiconductor lasers or
light emitting diodes, forming the light source unit as viewed
from a beam travelling direction, i.e., positions of the
arrangement of the m by n light emitting devices, where m
and n represent integers of at least 2.

The m by n hght emitting devices are arranged in posi-
tions on a two-dimensional plane, which is formed by X-Y
coordinates along a main scanning direction X and a sub-
scanning direction Y, in an arrangement similar to an m by
n matrix.

As shown in FIG. 1, the m by n light emitting devices are
formed by m line units LU1 to LUm. In each of the line units
LU1 to LUm, n light emitting devices are arranged in the
subscanning direction Y at regular intervals of a first space
D. In the first line unit LU1, for example, n light emitting
devices bll, bl2, . .., bln are arranged at regular intervals
of the first space D. The remaining line units LU2 to LUm
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are 1dentical in structure to this line unit LU1. The m line
units LU1 to LUm arc arranged at regular intervals (third
space 1) in the main scanning direction X to be successively
displaced at intervals of a second space d in the subscanning
direction Y. The second space d, which is related to a
recording density (resolution) recorded on a recording
medium, corresponds to a value obtained by dividing the
first space D by the number m, i.e., satisfies relation of D=
m-d. On the other hand, the third space 1 corresponds to a
value obtained by multiplying the second space d by an
integer k, 1.e., 1= k-d. -

In other words, the aforementioned light emitting devices
are arranged in the following manner: The light emitting
devices are arranged on m by n intersections between m
straight lines L1, L2, . . . , Lm, which are drawn in paraliel
with the subscanning direction Y at regular intervals of the
third space 1 in the main scanning direction X, and n straight
lines C1, C2, ..., Cn, which are inclined at an angle o with
respect to the main scanning direction X and drawn at
regular intervals of the first space D in the subscanning
direction Y. The angle o satisfies an equation of tan o=
D/(m-1)=d/l. Such light emitting devices blp, b2p, ..., bmp,
which are arranged on the respective straight lines Cp (p=1,
2,...,n),are arranged at regular intervals (the second space
d) in the subscanning direction Y and at regular intervals
(third space 1) in the main scanning direction X.

FIG. 2 illustrates the light emitting devices, which are
two-dimensionally arranged in FIG. 1, in a state one-
dimensionally projected on the subscanning direction Y.
Referring to FIG. 2, m by n light emitting devices are
arranged at regular intervals (the second space d) succes-
sively from the light emitting device b1l which belongs to
the line unit LUL. It 1s possible to scan m by n beams in
single main scanning by employing the m by n light emitting
devices which are arranged in the aforementioned manner.

In order to scan/expose m by n beams on a photosensitive
film (recording medium) with the light source unit which is
provided with the light emitting devices shown in FIG. 1,
however, it is necessary to align the m by n light emitting
devices on the photosensitive film. This can be implemented
by relatively delaying timing for driving the light emitting
devices between each adjacent line units.

B. Concrete Structure of Light Source Unit

Description is now made on a concrete structure which
can 1mplement the aforementioned basic structure of the
light source unit. FIG. 3 1s a perspective view showing an
embodiment of such a light source unit 10, in correspon-
dence t0 m= 10 and n= 8. As shown in FIG. 3, this light
source unit 10 is formed by a base block § and ten stays 3.
The stays 3 correspond to the aforementioned line units LUi
(1: 1 to m). The structures of the stays 3 and the base block
5 are now described in detail.

(1) Structure of Stay 3

FIG. 5 is a front elevational view showing each stay 3 as
viewed by looking in the direction of arrow 15 in FIG. 3. As
shown in FIGS. 3 and 5, each stay 3 has the following
structure:

First, pin holes 8 and bolt holes 16 are formed on both side
portions 3B of the stay 3 respectively. The stay 3 has a
longitudinal length L, while centers of the pin holes 8 and
the bolt holes 16 are separated from ends of the stay 3 by
distances L, and L, respectively. Further, the pin holes 8 and
the bolt holes 16 are at center distances L, and L, respec-
tively. The pin holes 8 are adapted to receive locating pins
6 (FIG. 6) as described later for locating the stay 3 on the
base block §, while the bolt holes 16 are adapted to receive
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bolts 17 as described later for fixing the as-located stay 3 to
the base block 5. In a stepped or projecting portion 3A of the
stay 3, on the other hand, eight holes 7 are formed at regular
intervals of the first space D. Light emitting devices such as
semiconductor lasers are arranged in the respective holes 7,
as hereinafter described. Referring to FIG. §, the center of
the leftmost hole 7a is in a position separated from the left
end by a distance L.. |

An aperture board 4, which is provided with apertures
holes corresponding to the holes 7, is mounted on a surface
of the projecting portion 3A of the stay 3.

FIG. 4 is a sectional view, showing the projecting portion
3A of the stay 3, taken along the line I—I shown in FIG. 3.
As shown in FIG. 4, a semiconductor laser 9 and a colli-
mator lens 2 are arranged in each hole 7 of the stay 3. The
collimator lens 2 is adapted to shape a laser beam which 1s
emitted from the semiconductor laser 9. Thus, the semicon-

ductor laser 9 and the collimator lens 2 are arranged in each
hole 7.

A driving circuit for the semiconductor lasers 9 etc. 1s
provided in _the exterior of the light source unit 10, as
described later.

(2) Structure of Base Block 6

FIG. 6 is a front elevational view, showing the base block
5, as viewed by looking in the direction of arrow 15 in FIG.
3. As shown in FIG. 6, the stages of locating pins 6 and ten
stages of tapped holes 18 are aligned on each side of the base
block 5. Further, both the locating pins 6 and the tapped
holes 18 are arranged at intervals of the second space d in a
direction Y' and of the third space e in a direction X'. The
locating pins 6 and the tapped holes 18 provided on both
sides of the base block 5 are at center to center distances L,
and L, respectively. Adjacent ones of the locating pins 6 and
the holes 18 are separated from each other by a distance
(L,-L,). The directions Y' and X' correspond to the afore-
mentioned subscanning and main scanning directions Y and
X respectively. Thus, the ten stages of locating pins 6 are
arranged along a straight line which is in parallel with the
respective straight lines C1 to Cn shown in FIG. 1.

C. Procedure for Manufacturing/Assembling Light
Source Unit

A method of manufacturing/assembling the light source
unit is understood on the basis of FIG. 3 as described above
and flow charts shown in FIGS. 7A and 7B. This method 1s
generally formed by a step S1 of fabricating (preparing) the
base block 5, steps S2 and S3 of fabricating (preparing) the
stays 3, and a step S4 of mounting the stays 3 on the base
block 3.

(1) Step S1

First, the base block 5 is fabricated in the shape shown in
FIG. 6. Namely, ten locating pins 6 and ten taps 18 are
formed along each of both side portions SA and 3B of the
base block 5. Adjacent ones of the locating pins 6 and those
of the taps 18 are separated from each other by the third
space in the direction X' and by the second space d in the
direction Y', while adjacent ones of the locating pins 6 and

the taps 18 are separated from each other by the distance

(L,— L. Further, the center to center distances between the
locating pins 6 provided on the portions SA and 3B are set
at the distance I.,. On the other hand, the center to center
distances between the taps 18 provided on the portions SA
and 5B are set at the distance L.

(2) Steps S2 and S3

First, ten blocks for the stays 3 having projecting portions
3A are fabricated/prepared (step S21). Then, an arbitrary one
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is selected from the ten stays 3, to be worked in the
following manner:

First, the pin holes 8 and the bolt holes 16 are formed on
both end portions 3B of this stay 3 (step 522). Namely, the
two pin holes 8 are so formed as to have center positions
which are separated from the end surfaces of the both end
portions 3B of the stay 3 by the distance L, respectively. The

two bolt holes 16 are so formed as to have center positions
which are separated from the end surfaces of the both end

portions 3B by the distance L, respectively.

Then, eight holes 6 are formed in the projecting portion
3A at regular intervals equal to the first space D. These holes
7 are so formed that the center of the leftmost hole 7a
appearing in FIG. 5 is separated from the left end surface by

the distance L. (step S23).

When this stay 3 is completely lubricated through the
steps S22 and S23, similar steps S22 and S23 are succes-
sively carried out on the remaining stays 3, to complete
fabrication of the ten stays (steps S24 and S525).

At the step S3, the following steps S31 to 835 are carried
out for each one of the ten stays 3. Namely, the semicon-

ductor laser 9 and the collimator lens 2 are arranged in each

of the eight holes 7 of each stay 3 (step S31), and the
aperture board 4 is mounted on the front surface of the

projecting portion 3A of the stay 3 (step S32). When the
aforementioned assembling operation (steps S31 and S32) 1s
completed, similar assembling operations are carried out on
the remaining stays 3. |

(3) Step S4

Then, the ten stays 3 are successively mounted on the base
block 5. Namely, an arbitrary one is selected from the ten
stays 3, to be subjected to a mounting operation of steps 541
and S42 as follows: First, the locating pins 6 are inserted in
the pin holes 8 provided adjacent both ends of the stay 3,
thereby locating the stay 3 (step S41). Then, the bolts 17 are
inserted in the bolt holes 16, and fixed to the tapped holes 18.
Thus, this stay 3 is completely mounted (step S42). The
steps S41 and S42 are also carried out on the remaining stays
3, to complete the operation for mounting the ten stays 3
(steps S43 and S44). The respective holes 7 of each stay 3
are arranged as shown in FIG. 5, while the 10 stages of
locating pins 6 are arranged on each side of the base block
5 as shown in FIG. 6, whereby an arrangement oi beams
(arrangement of semiconductor lasers) implemented by
mounting the ten stays 3 on the base block § is identical to
that shown in FIG. 1. In such assembling of the light source
unit 10, further, the ten stays 3 can be easily mounted on the
base block 5 since the stays 3 are absolutely identical in
structure to each other.

FIG. 8 is a front elevational view, showing the as-
assembled light source unit 10, as viewed by looking in the
direction of arrow 15 in FIG. 3. Thus, it is possible to easily
construct a light source unit having the beam arrangement
shown in FIG. 1 by arbitrarily mounting the stays 3 on the
base block 5 by the bolts 17 and the locating pins 6.

D. Optical Structure of Exposure Head

FIG. 9 typically illustrates an optical structure of an
exposure head 20 in which the light source unit 10 of this
embodiment is assembled. The exposure head 20 is gener-
ally formed by the light source unit 10, a parabolic mirror 11
and a reduction optical system which 1s formed by a stere-
oprojective lens 12, a mirror M1, a zoom lens 13, another
mirror M2, a light quantity adjusting system 14 and an
imaging lens 135.

The m by n beams outgoing from the light source unit 10



5,477,259

7

are reflected by the parabolic mirror 11 so that all beams pass
through a front focal point F1 of the stereoprojective lens 12,
and guided to the stereoprojective lens 12. Therefore, an
aerial image having a reduced beam-to-beam pitch is formed
on a rear focal point F2 of the stereoprojective lens 12. The
reduction rate 1s determined by focal lengths of the parabolic
mirror 11 and the stereoprojective lens 12. Thereafter the
beam-to-beam pitch 1s further reduced by the zoom 1.5 lens
13, the conversion magnification of which can be arbitrarily
changed. The quantity of light which is finally applied to a
photosensitive film 31 is adjusted by the light quantity
adjusting system 14. This light quantity adjusting system 14
1s formed by a circular ND filter (neutral density filter), the
density of which continuously varies with the position of
rotation. The beams adjusted in light quantity by the light
quantity adjusting system 14 are imaged on the photosen-
sitive film 31 by the 1maging lens 15.

Thus, the beams outgoing from the light source unit 10 are
subjected to reduction of the beam-to-beam pitch by the
parabolic mirror 11 and the reduction optical system, to
expose the photosensitive film 31. In order to change the
beam-to-beam pitch on the photosensitive film 31, ie.,
recording density (resolution) corresponding to an inversion
number of the beam-to-beam pitch, the magnification of the
zoom lens 13 may be changed.

E. Schematic Description of Image Scanning Recorder

FIG. 10 shows positional relation between the exposure
head 20 and the photosensitive film 31, for illustrating an
actual exposure state. As shown in FIG. 10, the photosen-
sitive film 31 is stuck onto the surface of a drum 30, which
1s rotated along the main scanning direction X about its
central axis. On the other hand, the exposure head 20 is
moved 1n the subscanning direction Y by a driving mecha-
nism (not shown). When single exposure in the main scan-
ning direction X is completed, therefore, the exposure head
20 is stepwisely moved in the subscanning direction Y by a
distance Is, to repeat the exposure in the main scanning
direction X again. The distance Is satisfies the relation Is=
n-D-MAG, where MAG is magnification of the reproduction
optical system. At this time, the m by n beams which are
apphied onto the photosensitive film 31 must be aligned
along the subscanning direction Y, as hereinabove described.

FIG. 11 1s a block diagram showing an electrical structure
of a driving part for 80 (m = 10, n = 8) semiconductor lasers
9. The driving part comprises halftone dot signal generating
circuit 40, nine delay circuits 42-50, and 80 drivers. The
halftone dot signal generating circuit 40 converts an image
signal to ten binary dot signals D1 to D10 representing
whether the respective semiconductor lasers 9 emit or not.
The delay circuits 42 to 50 delay the dot signals D2 to D10,
in order to align the respective beams along the subscanning
direction Y. A delay method herein employed is now
described.

Consider this method with reference to the semiconductor
lasers 9 of the first line, i.e., those belonging to the line unit
LUI. The line-to-line pitch between the second and first
lines on photosensitive film 31 is equal to a distance
obtained by multiplying the aforementioned third space e by
magnification MAG. Assuming that a time corresponding to
the distance I-MAG is defined as +, therefore, a driving time
for the semiconductor lasers 9 belonging to the second line
may be delayed by the time + with respect to a driving time
for those belonging to the first line. Similar to the above, the
pitch between the third and first lines is equal to twice the
third space 1, whereby an amount of delay in a driving time
for the semiconductor lasers 9 belonging to the third line is
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equal to twice the time +. The amounts of delay for all
semiconductor lasers 9 can be determined in accordance
with this idea, so that the delay circuits 42 to 50 are
structured in response thereto.

In the light source unit 10, as hereinabove described, an
arrangement of the 80 semiconductor lasers 9 is imple-
mented by a combination of the arrangement of beam
locating pins 6 which are provided on the base block 5 and
the plurality of stays 3 which are provided with the holes 7
having the first pitch D, whereby the stays 3 can be easily
mounted on the base block § with no requirement for
adjustment.

According to the present invention, it is possible to reduce
the light source unit in size as compared with increase in
number of light emitting devices. Namely, it is possible to
suppress increase in size of a light source unit including light
emitting means, m light emitting device groups, a base and
m units. Consequently, it 1s possible to miniaturize means
for reducing the beam-to-beam pitch of m by n optical
beams, reflecting and imaging the reduced optical beams,
typically corresponding to an optical instrument which is
formed by the stereoprojective lens 12, the zoom lens 13, the
mirrors M1, M2, the imaging lens 15 and the like, even if the
number of the optical beams is increased. Further, according
to the present invention, it is possible to easily assemble
light emitting means, light emitting device groups and m line
units with high accuracy and a high precision. In addition,
according to the present invention, it is possible to align m
by n optical beams, having a matrix-like arrangement shown
in FIG. 1 and the like, in a subscanning direction (Y) on a
recording medium.

While the invention has been shown and described in
detail, the foregoing description is in all aspects illustrative
and not restrictive. It 1s therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What is claimed is:

1. A multiple beam scanning apparatus comprising:

(a) a recording medium;

(b) means for generating m by n (m, n:) recording
information signals, where m and n are each integers of
at least 2;

(c) means for emitting m by n optical beams being
independently modulated in response 10 said recording
information signals respectively, said m by n optical
beams being so arranged in a plane perpendicular to the
travelling direction thercof that there are m optical
beam groups, each including n optical beams spaced at
intervals of a first space and arranged in a second
direction that is perpendicular to a first direction said
groups being arranged at regular intervals in said first
direction and shifted at intervals of a second space with
respect to said second direction, said first space corre-
sponding to m time said second space;

(d) means for reducing a beam-to-beam pitch of said m by
n optical beams being received from said means (c¢) and
focusing reduced said m by n optical beams on said
recording medium, said beam-to-beam pitch corre-
sponding to a center distance between adjacent ones of
said m by n optical beams; and

(e) means for scanning said m by n optical beams, being
imaged on said recording medium, in said first direc-
tion.

2. A multiple beam scanning apparatus in accordance with

claim 1, wherein said (c) means includes:

(c-1) m by n light emitting device that are independently
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driven as a function of said recording information
signals respectively, said m by n light emitting devices
including m light emitting device groups, arranged at
regular intervals in said first direction, each including n
light emitting devices arranged in said second direction
at intervals of said first space, adjacent ones of said
light emitting device groups being shifted in said
second direction at intervals of said second space.

3. A multiple beam scanning apparatus in accordance with
claim 2, wherein said m light emitting device groups are
arranged in said first direction at intervals of a third space,
said third space being in proportion to said second space.

4. A multiple beam scanning apparatus in accordance with
claim 3, wherein said third space corresponds to integral
times said second space.

5. A multiple beam scanning apparatus in accordance with
claim 4, wherein said (b) means comprises:

(b-1) means for generating said m by n recording infor-
mation signals, and

(b-2) means for delaying respective ones of said m by n
recording information signals being generated by said
means {b-1) so that said m by n optical beams being
imaged on said recording medium are aligned 1n said
second direction.

6. A multiple beam scanning apparatus in accordance with |

claim 5, wherein said (b-2) means includes:

(b-2-1) means for delaying said m by n recording infor-
mation signals so that a delay time D, for n said
recording information signals being applied to n said
light emitting devices being included in an i-th (&
integer, 1< i< m) light emitting device group is as
follows, assuming that the first one of said m light
emitting device groups serves as a reference light
emitting device group:

where D, represents a unit delay time being previously
decided as a function of said third space.

7. A multiple beam scanning apparatus in accordance with
claim 6, wherein said (d) means comprises:

(d-1) means for reflecting said m by n optical beams being
emitted by said means (b),

(d-2) a first lens system for reducing said beam-to-beam
pitch between reflected said m by n optical beams, and

(d-3) a second lens system for condensing said m by n
optical beams, outgoing from said first lens system, on
said recording medium. |

8. A multiple beam scanning apparatus in accordance with

claim 7, wherein said (e) means includes:

(e-1) a rotator for rotating a cylinder on which said

recording medium mounts in said first direction.

9. A light source unit employed for recording information
on the basis of optical beams being modulated in response
to recording information signals, said light source unit
comprising:

(a) a base; and

(b) m (an: integer of at least 2) line units each having n
(an: integer of at least 2) light emitting devices being
arranged in a first direction at intervals of a first space,
said first direction being parallel to the longitudinal
direction of said line units, said m line units being
arranged in parallel on said base at intervals of a third
space in a second direction, being perpendicular to said
first direction, and are successively shifted by intervals
of a second space in said first direction, said first space
being function of said second space.
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10. A light source unit in accordance with claim 9,
wherein said first space corresponds to said m times said
second space, and said third space is in proportion to said
second space.

11. A light source unit in accordance with claim 10,

wherein respective ones of said m line units are formed by
block bodies of the same shapes and the same dimensions.

12. A light source unit in accordance with claim 11,
wherein

said base has first and second end portions, each having
m first and second locating means being arranged at
said second space in a direction corresponding to said
first direction and at said third space in a direction
corresponding to said second direction,

each of said block bodies includes a first portion, a second
portion and a third portion being held between said first
and second portions, said first and second portions each
having first and second holes, said third portion being
provided with said n light emitting devices, being
aligned along said first direction at intervals of said first
space from a position being separated from said first
hole by a second distance, and

said block bodies are located to said base by engaging said
first and second hole with said first and second locating
means, respectively. |
13. A light source unit in accordance with claim 12,
wherein

said first and second end portions further have first and
second tap portions respectively, and

said first and second portions further have third and fourth
holes through which first and second bolts screw up on
said first and second tap portions respectively, thereby
to fix block body to said base.

14. A light source unit in accordance with claim 13,

wherein

said third portion has n fifth holes being aligned with each
other at intervals of said first space successively from
a position being separated from said first hole by said
second distance, and

said light emitting devices are arranged in respective ones
of said fifth holes.
15. A light source unit in accordance with claim 14,

wherein

said light emitting devices comprise semiconductor
lasers, and collimator lenses for converting said optical
beams emitted from said semiconductor lasers to col-
limated beams respectively.

16. A light source unit in accordance with claim 15,
wherein said m line units comprise aperture means, provided
on a major surface of said third portion for reducing spot
diameters of said optical beams being transmitted through
said collimator lenses, said aperture means having n aper-
tures formed in position corresponding said fifth holes.

17. A light source unit in accordance with claim 16,
wherein

said base further has an opening portion, said opening
portion being formed between said first and second
ends, and

all said n fifth holes are opposed to said opening portion
in respective said block bodies.
18. A light source unit in accordance with clai

further comprising:
(c) a lens system for reducing a beam-to-beam pitch of
said m by n optical beams passing through said aperture
means to a prescribed pitch, said beam-to-beam pitch

17,
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corresponding to a center distance between adjacent
ones of said m by n optical beams.

19. A method of manufacturing a light source unit
employed for recording information on the basis of optical
beams being modulated in response (o recording 1nf0rmat10n
signals, said method comprising:

a step (a) of preparing m line units each including a first
portion, a second portion, and a third portion, being
held between said first and second portions, said first
and second portions having first and second mounting
portions respectively;

a step (b) of mounting n light emitting devices on said
third portion along a first direction at intervals of a first
space in an aligned manner successively from a refer-
ence position;

a step (c) of preparing a base having first and second end
portions each having m (m: integer of at least 2) first
and second support portions being successively
arranged at intervals of a second space in said first
direction and a third space in a second direction, being
perpendicular to said first direction, said second space
corresponding to a value obtained by dividing said first
space by said m, said third space being decided as a
function of said second space; and

a step (d) of engaging said first and second mounting

portions of each said line unit with corresponding said
first and second support portions, thereby fixing each
said line unit to said base.
20. A method of manufacturing a light source unit in
accordance with claim 19, wherein

said step (a) includes:

a step (a-1) of preparing m block bodies of the same
shapes and the same dimensions as said line units, each

said block body having said first, second and third
portions, and

a step (a-2) of forming said first and second mounting
portions on said first and second portions in each of
prepared said m block bodies, and

said step ¢ includes:

a step (c-1) of preparing a base block body as said base,
said base block body having said first and second end
portions,

a step {(c-2) of forming said m first support portions on
said first end portion, and

a step {c-3) of forming said m second support portions on
said second end portion.
21. A method of manufacturing a light source unit in
accordance with claim 20, wherein

said step (a-2) includes:

(a-2-1) a step of forming first and second holes in said first
and second portions respectively, and

(a-2-2) a step of forming n third holes in said third portion
along said first direction at said first space successively
from a position being separated from said one end by
said second space, said third holes passing through a
region being defined by a major surface of said third
portion and a surface being opposite to said major
surface,

10

13

20

25

30

35

40

45

50

35

12

said step (b) includes:

a step (b-1) of mounting said n light emitting devices in
said n holes respectively,

said step (c-2) includes:

(c-2-1) a step of forming m first locating pins in said first
end portion as those forming said m first support
portions,

said step (c-3) includes:

(c-3-1) a step of forming m second locating pins in said
second end portion as those forming said m second
support portions, and

said step (d) includes, as to each said line unit:

a step (d-1) of inserting said first and second locating pins
in said first and second holes respectively thereby
locating said line unit, and

a step (d-2) of fixing said line unit to said base after said
location.
22. A method of manufacturing a light source unit in
accordance with claim 21, wherein

said step (a-2) further includes:

(a-2-3) a step of forming fourth and fifth holes in said first
and second portions respectively, centers of said fourth
and fifth holes being in positions separated from centers
of said first and second holes in said first direction by
a third distance, respectively,

said step (c-2) further includes: (c-2-2) a step of forming
m first tap portions on said first end portion as said first
support portions, centers of said first tap portions being,
in positions separated from centers of said first locating
pins by said third distance, said step (c-3) further
includes: (c-3-2) a step of forming m second tap
portions on said second end portion as said second
support portions, centers of said second tap portions
being in positions separated from centers of said second
locating pins by said third distance, and

said step (d-2) includes:
(d-2-1) a step of preparing said first and second bolts, and

(d-2-2) a step of fitting said first and second bolts with
said first and second tap portions through said fourth
and fifth holes respectively.

23. A method of manufacturing a light source unit in

accordance with claim 22, wherein

said step (b) further includes:

a step (b-2) of preparing n collimator lenses, said colli-
mator lenses bringing optical beams being emitted from
said light emitting devices into parallel beams,

a step (b-3) of successively mounting said n collimator
lenses in said n third holes respectively,

(b-4) a step of preparing aperture means having n sixth
holes being arranged along said first direction at said
first space, diameters of said sixth holes being smaller

than those of said third holes, and

(b-5) a step of fixing said aperture means on a major
surface of said third portion while opposmg said third
and sixths holes to each other.
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REEXAMINATION CERTIFICATE

ISSUED UNDER 35 US.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
io the patent.

AS A RESULT OF REEXAMINATION., IT HAS BEEN
DETERMINED THAIT:

The patentability of claims 19-23 is confirmed.

Claims 3 and 4 are cancelled.

Claims 1, 2. 9 and 10 are determined to be patentable as
amended.

Claims 5-8 and 11-18, dependent on an amended claim.,
are determined to be patentable.

1. A multiple beam scanning apparatus comprising:

(a) a recording medium;

(b) means for generating m by n (m. n:) recording
information signals, where m and n are each integers of
at least 2;

(¢) means for emitting m by n optical beams being
independently modulated in response to said recording
information signals respectively. said m by n optical
beams being so arranged in a plane perpendicular to the
travelling direction thereof that there are m optical
beam groups, each including n optical beams spaced at
intervals of a first space and arranged in a second
direction that is perpendicular to a first direction said
groups being arranged at [regular] intervals of a third
space in said first direction and shifted at intervals of a
second space with respect to said second direction, said
first space corresponding to m time said second space,
said third space corresponding to integral times said
second space;

2

(d) means for reducing a beam-to-beam pitch of said m by

n optical beams being received from said means (¢) and

focusing reducing said m by n optical beams on said

recording medium, said beam-to-beam pitch corre-

5 sponding to a center distance between adjacent ones of
said m by n optical beams; and

(e) means for scanning said m by n optical beams, begin
imaged on said recording medium. in said first direc-
tion.

2. A multiple beam scanning apparatus in accordance with

claim 1. wherin said (c) means includes:

(c-1) m by n light emitting device that are independently
driven as a function of said recording information
signals respectively. said m by n light emitting devices
including m light emitting device groups, arranged at
regular intervals in said first direction, each including n
light emitting devices arranged in said second direction
at intervals of said first space. adjacent ones of said
light emitting device groups begin shifted in said
second direction at intervals of said second space, said
m light emitting device groups being arranged in said
first direction at intervals of said third space.

9. A light source unit employed for recording information
on the basis of optical beams being modulated in response
45 10 recording information signals, said light source unit
comprising:

(a) a base; and

(b) m (an: integer of at least 2) line units each having n
(an: integer of at least 2) light emitting devices begin
arranged in a first direction at intervals of a first space.
said first direction being parallel to the longitudinal
direction of said line units, said m line units being
[arranged) separately provided in parallel on a flat
surface of said base at intervals of a third space in a
second direction, being perpendicular to said first
direction, and are successively shifted by intervals of a
second space in said first direction. said first space
being function of said second space.

10. A light source unit in accordance with claim 9,

40 wherein said first space corresponds to said m times said
second space, and said third space [is in proportion to]
corresponds to integral times said second space.
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